An overview on the data of columnar aerosol properties measured in Northern Europe is provided. Apart from the necessary data gathered in the Arctic, the knowledge of the aerosol loading in nearby areas (e.g. sub-Arctic) is of maximum interest to achieve a correct analysis of the Arctic aerosols and transport patterns. This work evaluates data from operational sites with sun photometer measurements belonging either to national or international networks (AERONET, GAW-PFR) and programs conducted in Scandinavia and Svalbard. We enumerate a list of sites, measurement type and periods together with observed aerosol properties. An evaluation and analysis of aerosol data was carried out with a review of previous results as well. Aerosol optical depth (AOD) and Ångström exponent (AE) are the current parameters with sufficient long-term records for a first evaluation of aerosol properties. AOD (500 nm) ranges from 0.08 to 0.10 in Arctic and sub-Arctic sites (Ny-Ålesund: 0.09; Andenes: 0.10; Sodankylä: 0.08), and it is somewhat higher in more populated areas in Southern Scandinavia (AOD about 0.10e0.12 at 500 nm). On the Norwegian coast, aerosols show larger mean size (AE ¼ 1.2 at Andenes) than in Finland, with continental climate (AE ¼ 1.5 at Sodankylä). Columnar particle size distributions and related parameters derived from inversion of sun/sky radiances were also investigated. This work makes special emphasis in the joint and collaborative effort of the various groups from different countries involved in this study. Part of the measurements presented here were involved in the IPY projects Polar-AOD and POLARCAT.
Introduction
The study of the atmospheric aerosols in the Arctic environment has strongly developed since the 1950s, when the first observations of haze were reported (Mitchell, 1956; Shaw, 1995) . The Arctic has been shown to be a very sensitive area to climate change and the magnitude of the aerosol radiative forcing in polar regions is largely uncertain due to the spatial inhomogeneities, the variable surface albedo and the solar geometry. In general, the quantification of the direct and indirect forcing by aerosols remains an outstanding problem (IPCC, 2007) (Solomon et al., 2007) .
Despite the Arctic is almost free of anthropogenic aerosol sources, aerosol particles transported from mid-latitude regions can reach the Arctic and remain long time due to the reduced removal mechanisms, the high atmospheric stability and the low water content (Bodhaine and Dutton, 1993; Shaw, 1995) . A review about this phenomenon, the so-called Arctic haze, can be found in Quinn et al. (2007) . Several authors have reported the long-range transport of aerosols of different origin into the Arctic, e.g. biomass burning aerosols from boreal regions Stone et al., 2008) , from agricultural fires in Eastern Europe Treffeisen et al., 2007; Lund Myhre et al., 2007) , Saharan dust (Rodriguez et al., 2008) or Asian pollution and dust (Di Pierro et al., 2011) .
The aerosol observations in the Arctic are still scarce and not sufficient to resolve the large spatial variability. Experimental conditions, such as low temperatures and humidity, low solar elevation, high surface albedo and very low optical depth, make aerosol measurements difficult, especially passive remote sensing from ground and satellite, that allows routine aerosol monitoring at lower latitudes (Holben et al., 2001; Remer et al., 2008) .
In order to improve the aerosol monitoring at high latitudes, ground-based aerosol networks have established routine observations in the Arctic, i.e. the Global Atmospheric Watch (GAW), the Co-operative Programme for Monitoring and Evaluation of the Long-range Transmissions of Air Pollutants in Europe (EMEP) and Aerosol Robotic Network (AERONET). The number of operational sites notably increased with the stimulus of the International Polar Year 2007e2008 (www.ipy.org). Several projects within the IPY frame, like Polar-AOD (Mazzola et al., in press) and POLARCAT, promoted this kind of long-term aerosol observations. Aside from these networks, some institutions have maintained long-term sites for aerosol monitoring, as it is the case of Barrow (U.S), Alert (Canada) and Ny-Ålesund (Svalbard). At these sites, very valuable databases allowed the analysis of trends in the aerosol load and composition (Sirois and Barrie, 1999; Quinn et al., 2007; 2009) . This paper is focused on the aerosol observations with sun photometers. Global sun photometer networks like GAW-PFR (Wehrli, 2005) and AERONET (Holben et al., 1998) , (including the subnetworks AEROCAN and RIMA), maintain sites in the North American and European Arctic sectors. These networks impose standardization of instruments, processing and calibration, as well as traceability to calibration references.
The columnar optical and microphysical properties obtained with these instruments allow characterizing the aerosols (Bokoye et al., 2002; Aaltonen et al., 2006; Toledano et al., 2006; Rodríguez et al., in press; Zdun et al., 2011) . However sun photometer data series are still short for the AERONET and GAW sites, compared to the long datasets available at Ny-Ålesund (Herber et al., 2002) or Barrow (Polissar et al., 1999) , and other sites further south like Norrköping (Sweden). In principle, optical properties from sun photometer allow the estimation of the aerosol direct radiative forcing (Haywood and Boucher, 2000; Myhre et al., 2003; , but it must be noted that information on the absorption properties (i.e. single scattering albedo) is difficult to obtain with sufficient accuracy when the aerosol load is low, namely AOD (440 nm) < 0.4 . A review on aerosol optical depth in the polar regions was given by Tomasi et al. (2007) , in this case combined with in situ observations that are out of the scope of our study.
The aim of this paper is to provide an overview on the data of columnar aerosol properties measured in Northern Europe and their spatial and seasonal characteristics. Apart from the necessary data gathered in the Arctic, the knowledge of the aerosol loading in nearby areas (e.g. sub-Arctic) is of maximum interest to achieve a correct analysis of Arctic aerosols and transport patterns, the north-south gradients as well as the transformations of the aerosol on its way to the high Arctic. This work evaluates the data from operational sites with sun photometer measurements belonging either to national or international networks and programs conducted in Scandinavia and Svalbard (Spitsbergen). We will first describe the sites and instrumentation involved in this study, then the methodology applied for the determination of aerosol properties and afterward we provide summary of the results about the aerosol optical depth, the Ångström exponent and microphysical properties (size distributions), before presenting the conclusions.
Sites and instruments

Sites
The list of sites that were considered in this study is shown in Table 1 and on the map in Fig. 1 . Most of them are associated to the above mentioned networks. Some of them have discontinued but still have long and valuable datasets.
We classified the sites in three groups: high Arctic (Svalbard); North of Scandinavia (sub-Arctic); and middle-southern Scandinavia. In the latter region, the number of sites increased considerable during the last decade (see Fig. 1 ). Midnight sun occurs above the Arctic circle (66.5 N). For instance, at Andenes (69 N) the midnight sun period starts in the mid-May and lasts until mid-July. Conversely, the polar night spans from mid-November until late January. Both periods are longer further north. In Ny-Ålesund the polar night lasts from 26th October to 16th February. Although southern Scandinavia is outside the Arctic circle, and sunphotometry is in principle possible during the entire winter, the maximum solar elevation in the winter months is in practice too low. In the AERONET quality-assured database (called level 2.0), no data at optical air mass larger than 5 are included (solar elevation 11.5 ) and no measurements are collected when optical air mass at local noon exceeds 7.5 (solar elevation of 7.5 approximately).
The long records available at Ny-Ålesund and Norrköping are noteworthy (20 and 15 years respectively) and allow deriving a robust climatology. Several sites have about 4e5 year datasets (Andenes, Jokioinen, Sodankylä, Visby) whereas up to 8 new sites were set up after 2007. Note the improved spatial coverage in the region, especially in southern Scandinavia, before (Fig. 1a ) and after 2004 (Fig. 1b) .
Instruments
The operational networks have standardized instruments. Their characteristics are summarized in this section. We will emphasize their similarities and differences, that ultimately arise from the different aims and philosophy of the networks. Table 2 provides a summary of the main instrument characteristics.
The Cimel-318 is the standard instrument of AERONET. It is an automatic filter radiometer with 2-axis robot and 9 channels covering the spectral range 340e1020 nm (some models also have a 1640 nm channel). It collects direct sun measurements at these wavelengths, and sky radiances at four channels (or six for instruments with 1640 nm), i.e. 440, 670, 870 and 1020 nm in the almucantar and principal plane configurations. Direct sun measurements are performed every 15 min (more frequently at sunrise and sunset) to derive the aerosol optical depth and water vapor content, and sky radiances are measured every hour. Three direct sun measurements are performed within each measurement (triplet) in order to facilitate cloud screening. The Cimel is not thermostatted but a temperature sensor is located near the detector to provide temperature correction for the 1020 nm channel. A full instrument description is provided by Holben et al. (1998) .
The Precision Filter Radiometer (PFR) is the instrument used in the GAW-PFR network. It acquires direct solar radiation at 4 spectral channels between 368 and 862 nm and it is designed for continuous and automated operation under a broad range of weather conditions. It has a thermostatic system that maintains the detector at 20.5 AE 0.1 C over an ambient temperature range from À20 C to þ35 C. This system eliminates the need for temperature corrections and prevents accelerated aging of filters. It requires an external solar tracker. A sensor in the PFR monitors the pointing quality for each measurement (Wehrli, 2005) .
Since 1991, aerosol measurements have been performed at Ny-Ålesund by the Alfred Wegener Institute (AWI). Several instruments were used for this purpose, including Sun, Moon and Star photometers. The AOD at Ny-Ålesund during daylight conditions was measured using a sun photometer type SP1A produced by Dr. Schulz and Partner GmbH (http://www.drschulz.com/cnt/). It has a field of view of 1 and covers a spectral range from 350 nm to 1050 nm in 17 channels. The measured signal is temperature corrected and the operation temperature ranges from À30 C to þ40 C. The system is weather proof and an automatic sun tracking system guarantees continuous solar monitoring. Further details are provided by Herber et al. (2002) . The sun photometer is yearly calibrated in high mountain sites, like the Izaña Observatory (Tenerife, Spain).
The SPM2000 sun photometer is an instrument manufactured by Centre Suisse d'Electronique et de Microtechnique (CSEM), Switzerland. It is a thermostatted 3-channel instrument for continuous direct sun measurements. The model used in Norrköping has the wavelengths 368, 500 and 778 nm. All channels are sampled every a b Schmid and Wehrli (1995) .
Method
For sun photometers collecting direct sun measurements, the aerosol optical depth at each spectral channel is derived from the Beer-Bouguer-Lambert law. This equation allows determining of the total optical depth of the atmosphere (s)
FðlÞ ¼ F 0 ðlÞ,e ðÀs,mÞ
( 1) where F(l) is the direct sun signal at ground level at wavelength l, F 0 (l) is the extraterrestrial signal of the instrument, corrected by the EartheSun distance and m is the optical air mass in the measurement path (Kasten and Young, 1989) .
The GAW-PRF and AERONET operational algorithms, separate the contributions of the molecules (R), aerosols (a) and absorbing gases (g) due to their different optical air masses at low solar elevation, which is an important aspect especially at high latitude sites:
ÀðsR,mRþsa,maþsg ,mg Þ
Taking into account the Rayleigh optical thickness (s R ) corrected by local pressure and the gaseous absorptions (s g ), the aerosol optical depth (AOD or s a ) is:
The channels used for aerosol investigation are located in spectral regions with weak absorption by atmospheric gases. To account for small absorptions by ozone, NO 2 , etc., effective absorption coefficients for each channel are calculated using the filter transmission curves. Amounts of these species were obtained from different sources: satellites (e.g. OMI), co-located groundbased measurements (e.g. Brewer) or monthly climatologies retrieved from measurements/models.
The Ångström exponent (AE), indicative of size predominance (Angström,1961) , is obtained from the AOD at different wavelengths according to: s a ðlÞ ¼ b,ðlÞ Àa . Given the curvature of the AOD spectra, the Ångström exponent depends on the spectral range used in the retrieval. In AERONET this range is restricted to 440e870 nm. In the GAW-PFR the range for AE calculation is 368e862 nm.
Automatic cloud-screening algorithms are then applied to the data (Smimov et al., 2000; Alexandrov et al., 2004) . These are based either on the temporal variability of the measured AOD, typically smaller than the variability of clouds, or the spectral signature of clouds, i.e. nearly wavelength independent optical depth.
The calibration constant for each channel is given by the extraterrestrial signal F 0 (l). This value is determined by comparison with reference instruments, that are calibrated by the well-known Langley plot method (Shaw, 1983) at high altitude stations (Mauna Loa or Izaña). The instruments are typically calibrated before and after deployment to meet the network protocols.
Finally, the combined direct sun (AOD) and sky radiances can be inverted with different algorithms to retrieve a set of optical and microphysical aerosol properties: size distribution, refractive index, phase function and single scattering albedo. This is the case for the AERONET data. The inversion algorithm by is operationally applied to the almucantar radiances collected by the Cimel instruments. The uncertainty of the AERO-NET inversion products is described by (2006) . These studies indicate that only for moderate turbidity conditions (AOD (440 nm) < 0.4) certain optical parameters, like the refractive index or single scattering albedo, can be retrieved with sufficient accuracy. This is not usually the case in Scandinavia, therefore the number of data of this kind is nearly insignificant and not suitable for a long-term characterization of such properties. We focused our study on the microphysical properties (size distributions and derived parameters), that can be adequately retrieved under all turbidity conditions.
For the AERONET sites, the level 2.0 database (cloud-screened and quality assured, for details see AERONET website) was used, both for the AOD and the inversion products. For the GAW-PFR and the other sites, cloud-screened and manually inspected data were utilized in the AOD analysis.
The accuracy achieved in the AOD measurement for each instrument is provided in Table 2 . Despite the different concept and features of the instruments, the estimated AOD errors are similar and this fact may not introduce any bias in our analysis. Furthermore, the use of different retrieval algorithms (mainly regarding ancillary data: ozone, pressure, airmass) was analyzed within the POLAR-AOD project, and was shown not to produce significant differences in AOD calculations (about 0.005, i.e. within uncertainty) for a high Arctic site (Mazzola et al., in press ). The POLAR-AOD involved instruments from most of the sites included in this study and it also showed that most of the AOD differences among instruments arise from calibration errors and typically fall within the World Meteorological Organization recommendations (WMO, 2005) . The specific calibration procedures in each network are well established and can be found in the corresponding publications (Holben et al., 1998; Wehrli, 2005; Herber et al., 2002) .
Results and discussion
AOD and AE characterization
We have evaluated the multi-annual monthly means of aerosol optical depth and Ångström exponent for all sites listed in Table 1 , although only the most representative (in terms of data amount and location) were considered in the discussion. The analysis of these magnitudes indicated differences in the seasonal patterns, which suggested the classification of the sites within three groups: Svalbard, northern Scandinavia and middle-southern Scandinavia.
The sites located in Svalbard, shown in Fig. 2 exhibit the known seasonal pattern in AOD, with maximum AOD in spring (about 0.12 at 500 nm wavelength), related to Arctic haze, and decrease in summer to very low values (about 0.06). According to the analysis of aerosol transport into the Arctic, Stohl (2006) demonstrated that the region north of 70 N is isolated from mid-latitude sources in summer, whereas in winter and spring the sources with larger potential impact are located in Eurasia (rather than North America or East Asia). During summer the aerosol removal processes are more active in Svalbard. The Ny-Ålesund data shown in Fig. 2 belong to the GAW-PFR instrument, while Hornsund is an AERO-NET station. The results agree with the long-term means reported by the AWI station in Ny-Ålesund (Herber et al., 2002) .
The AOD differences in March between Ny-Ålesund and Hornsund cannot be considered relevant due to the different temporal periods in each dataset. The year to year variability can be significant, especially when individual episodes have a large impact on observed monthly averages. That was the case for July 2004, when huge emissions from boreal forest fires in North America reached Svalbard and also in spring 2006, when agricultural fires in Eastern Europe resulted in elevated pollution levels in the Arctic Lund Myhre et al., 2007) .
The Ångström exponent in Svalbard does not show as clear seasonal pattern as the AOD. Apparently there is a minimum in May at the end of the haze season, and then the AE increases slightly during the summer. In any case the multi-annual monthly means were above 1.0, thus indicating a fine particle predominance in general. The AE standard deviation in March (0.33) was almost 2 times larger than the rest of the months (0.18). In spring low values of AE were found during some months, showing persistent coarse particle predominance during certain periods that are related to the transport of Asian dust into the Arctic Di Pierro et al., 2011) .
The next step was the analysis of the sites located in northern Scandinavia. The results are displayed in Fig. 3 . The data amount is considerably less than in Svalbard, therefore these averages are subject to important changes as the databases grow in the following years. The AOD seasonal pattern is clearly different than that of the Arctic sites. The values in March and April are low in general, with no signs of persistent haze in the monthly averages. Conversely, the AOD in summer does not decrease to very low values. The AOD was stable below 0.1 (at 500 nm) throughout the year at Sodankylä and Kiruna. Andenes exhibits slightly higher AODs. The maximum AOD in May for this site is related to certain individual episodes (Rodríguez et al., in press ).
The three sites Andenes, Kiruna and Sodankylä are located at similar latitudes. However the site locations have important differences: The observatory in Andenes is located on the island Andøya at an altitude of 380 m a.s.l. Kiruna is located East of the Scandinavian mountain range and Sodankylä is further East in Finland, in a continental environment. The aerosol type was expected to be different and that was indicated by the Ångström exponents. The higher AE was found at the continental site Sodankylä, whereas the lower was found at the coastal site Andenes. This result is in agreement with the aerosol type characterization reported for key sites (Holben et al., 2001 ) dominated by continental and marine aerosols respectively.
Another important feature of the AE in northern Scandinavia is the similarity in the seasonal pattern, despite of site differences in aerosol background. The AE increased during spring and had a maximum in July for the three sites, followed by a decrease in autumn. Values ranged from 1 to 1.2 in March up to 1.3e1.75 in July. This seasonality would indicate the apportionment of fine particles in summer in this sub-Arctic region, although the origin or specific type cannot be derived from these data. Table 1 . Error bars give standard deviation.
The AOD and AE for southern Scandinavia is shown in Fig. 4 . Despite the variability of site locations, the AOD has a consistent seasonal pattern, which is, moreover, different from those in the high Arctic and the sub-Arctic sites. In southern Scandinavia the AOD peaks in April and August, with similar AOD (500 nm) about 0.15. Two minima in June (about 0.1) and DecembereJanuary (about 0.05) are observed. The AOD maximum in April coincides with the snow melt and agricultural burning season in Eastern Europe Zdun et al., 2011) , although rigorous transport pattern analysis would be required (in the fashion of Stohl, (2006) ) to investigate the impact of this source (Korontzi et al., 2006) . The second maximum in summer is observed in many European locations and is likely related to anthropogenic pollution, forest fires and drier weather conditions.
With the exception of Hyytiälä and Gotland during spring and autumn, the AE in the investigated sites Fig. 4b was rather similar for all sites. It showed minimum values in winter (about 1e1.2) and maximum in summer (about 1.5). These values indicate a clear fine . Multi-annual monthly means of aerosol particle size distribution at 6 representative sites in Svalbard and Scandinavia. Note that winter months are missing for most of the sites.
particle predominance at all sites. The AE seasonality is somewhat independent from the AOD, although it may indicate smaller sizes during the summer AOD peak. The AE vs. AOD scatter plot in Fig. 5 contains monthly means at 3 representative sites, in order to show the aerosol types that are relevant in the long-term analysis. The aerosol types are identified in this plot by comparison with climatological values at key sites (Holben et al., 2001 ). The spring months at Ny-Ålesund (red squares) exhibit AOD (500 nm) > 0.1 and AE between 0.8 and 1.5 (Arctic haze). The lowest AE values are associated to the presence of Asian dust, which is persistent enough to be significant in a monthly mean basis. The background summer values in Ny-Ålesund are in general characterized by low AOD (500 nm) below 0.08 and AE above 1.0. These values are very similar to those found during clean months in the sub-Arctic site Sodankylä and southern Scandinavia site Norrköping. In Sodankylä the aerosol type can be considered clean continental. All monthly means had AE above 1.0 and AOD (500 nm) below 0.15. The occurrence of higher AOD is episodic (up to few days) and is not relevant in longer time scales. Further south, in Norrköping, the presence of polluted aerosols is observed, with monthly mean AOD (500 nm) above 0.15 and high associated AE above 1.3, which mostly corresponds to the AOD peak in spring, and also to some summer months. In winter the cleanest observations were obtained, with a wide range of AE (0.5e1.8), the higher values associated to clean continental aerosol and the lower to clean maritime aerosol.
Size distributions
The volume size distributions (level 2.0) for the AERONET sites have been investigated. Bear in mind that the strong retrieval restrictions and the reduced sampling of the sky radiances, make the number of these data very small. Note also the lack of data during winter. The multi-annual means for the available data at 6 representative sites are shown in Fig. 6 .
These plots indicate a clear fine mode predominance in the volume size distributions for almost all sites and months. Only Gotland during autumn, where the maritime aerosols are obviously present, had coarse mode predominance. In general the volume concentrations were low. We found, however, some seasonal features that are described below. At Hornsund (Svalbard), the fine mode concentration had a clear gradient, being higher in May and April, and lower during summer.
It is remarkable that the coarse mode almost disappeared in the summer months. In spring (haze season) both the fine and the coarse mode increased their concentrations, the largest increase corresponding to the fine mode.
The fine mode at Andenes (Norwegian sub-Arctic) is very stable throughout the year, in contrast with the high Arctic site described above. Furthermore, the lower fine mode concentrations are found in April and the autumn months. The coarse mode concentration decreases to very low values after June.
The southern site with more data and better coverage (March through November) is Gotland. At this site, the fine mode exhibits the highest mean concentrations, which are very stable from April to September. Only after October the fine mode decreases significantly, and the fine mode concentrations become even lower than those of the coarse mode. In these months the coarse particles of maritime origin are predominant in absence of fine mode particle apportioning. Actually the coarse mode is somewhat stable along the year and exhibits the highest average concentrations among all the investigated sites. Table 3 Summary of optical and microphysical properties for selected sites: aerosol optical depth (500 nm), Ångström exponent, volume concentration -total (V t ), fine mode fraction (V f /V t ), columnar extinction coefficient (E col (440nm) The continental sites Kuopio and Hyytiälä are characterized by fine mode predominance, especially in July. The fine mode concentrations (and also the coarse mode) decrease in autumn. That is not the case for Helsinki, where the pollution from the city results in a higher background, thus the fine mode concentration does not diminish as much as at the other Finnish sites.
In order to further characterize the aerosol microphysics, we analyzed the volume concentrations for the total distribution (V t ), the fine mode (V f ) and the coarse mode (V c ), and the ratio of fine to total concentration (fine mode fraction, V f /V t ), and relate them to the AOD and AE respectively. Furthermore, we derived the column extinction efficiency (similarly to mass extinction efficiency (Waggoner et al., 1981) ), defined for the columnar magnitudes AOD and Volume concentration (Total), as: E col (l) ¼ AOD(l)/V t . This parameter is closely related to the aerosol type.
The scatter plot of the AOD vs. total volume concentration (V t ) is shown in Fig. 7 . The data are logically correlated and the slopes provide the columnar extinction efficiency. These values are provided in Table 3 . This plot typically has two branches, the upper corresponding to fine particle dominated cases, and lower to coarse particles, since at 440 nm wavelength the fine particles have larger extinction efficiency. However the two branches are only clearly observable for Gotland site, Fig. 7f . Both fine and coarse particles were detected at this site, i.e. polluted/biomass burning aerosols and marine aerosols respectively. For this site, the extinction efficiency was the highest observed (4.71 mm 2 /mm 3 ). At the other sites one main type is in general observed, dominated by fine particles, with extinction efficiencies in the range 3.3e4.2 mm 2 /mm 3 .
Although the AE is a qualitative indicator of particle predominance (Schuster et al., 2006) , the correlation of this parameter with the fine mode fraction derived from the volume size distributions is poor and requires careful analysis. The scatter plot of the AE vs. the fine mode fraction (V f /V t ) is given in Fig. 8 for the same 6 representative sites. This kind of plot was shown for a large amount of AERONET data, covering all aerosol types, by Schuster et al. (2006) . However few data with low AE are included there. The complete range of AE (including dust and marine aerosol) was shown by Prats et al. (in press ) for a Spanish site. These papers indicate that the AE is sensitive to the fraction of aerosols in the fine mode (V f /V t ), although not to the fine mode effective radius. The intermediate values of AE ( ! 0:5 and 2:0) can be associated to fine mode fractions in a wide range (0.2e0.85).
Among the Scandinavian and Arctic sites analyzed here (Fig. 8) , only Gotland had AE covering a wide range. At this site, AE below 1 is clearly associated to fine mode fractions below 0.5. This is not the case at Andenes, where AE as low as 0.8 had fine mode fractions above 0.5. Conversely, low fine mode fractions (below 0.4) are found at Helsinki and Gotland for AE as large as 1.5. In general the coastal sites exhibit a variable coarse particle contribution that yields to a wider range of fine mode fractions and AE. At the other sites, AE was mainly above 1, and the fine mode fraction of the size distribution ranged from 0.4 to 0.9.
Conclusions
Aerosol optical and microphysical properties derived from sunphotometry were analyzed for a number of sites in Scandinavia and Svalbard. The spatial coverage of this kind of data has remarkably improved in the last years, thanks, among other things, to projects within the framework of the International Polar Year 2007e08.
The characterization of the aerosol optical depth revealed different seasonal patterns for the high Arctic, the sub-Arctic region (northern Scandinavia) and Southern Scandinavia. The well-established Arctic haze season followed by a very clean summer is observed at Svalbard sites. This is not the case over northern Scandinavia, at latitudes about 67e70 N. In that subArctic region, the seasonal pattern is conditioned by the site location and background aerosol, therefore not as uniform as in Svalbard. The arrival of transported aerosols to this area is episodic and not persistent.
In the south, the AOD is higher and the European and Eurasian sources condition the seasonality of aerosol amount and type. The winters are clean, and there are two peaks along the year, one in spring, that coincides with the biomass burning season in Eastern Europe, and the other one in summer. This AOD is associated to high Ångström exponents that qualitatively indicate fine particle predominance.
The aerosol type was analyzed according to previous knowledge of aerosol climatology at key sites. The clean continental, polluted continental and maritime aerosols constitute the three main types, although persistent (Asian) dust was also detected in Svalbard. The average size distributions indicated that, in general, the variations in the fine mode aerosols determine the seasonal variability. The coarse mode aerosol concentrations were very low except for coastal sites.
The inversion of sun/sky radiance data (AERONET sites) allowed characterizing microphysical properties, i.e. the size distribution, volume concentration, fine mode fraction and extinction efficiency. However at most sites the number of data is still too low for a longterm analysis. Furthermore, the low AOD in general does not allow to retrieve information by this method about the absorption characteristics, except in certain episodes, and this information is still missing for an accurate evaluation of the aerosol radiative forcing in the Arctic.
